The process of polymeric materials production may lead to material heterogeneities. Therefore, the mechanical behavior of these materials may present unique characteristics from point to point. Nevertheless, this characteristic is rarely taken into account inasmuch as, in general, most model building strategies assumes material homogeneity when performing inverse analysis. Furthermore, the dimensions of the test specimens may not be appropriate to evaluate the levels of heterogeneity within the material. This work investigates the impact of viscoelastic material heterogeneities when these are used to build laminated structures commonly used as passive vibration components. The viscoelastic behavior is modeled by means of a fractional derivative constitutive equation. The heterogeneity of the media is modeled by means of stochastic fields. Two types of correlations are considered to model the covariance matrices. A numerical application is presented for a three-layer laminated structure with a viscoelastic core.
Introduction
The use of viscoelastic materials (VEM) are quite common in different fields of Engineering such as aeronautical, civil, mechanical and off-shore. This may be attributed to some characteristics such as low mass, low stiffness and its high capacity to dissipate mechanical energy. Concerning energy dissipation, it is a quite desirable characteristic when designing structural components working under dynamic loads. Therefore, this type of material is commonly used in passive control strategies.
The conception and implementation of passive control strategies usually demand the use computational models (CM). The CM of complex systems are generally built from bottom-up approaches. Therefore, a computational model is firstly built for each structural subcomponent. A key aspect to be taken into consideration is the fact that the more complex the engineering structure the greater the levels of uncertainty when building the final CM.
The theory of probability is one way to treat modeling uncertainties. Based on this theory, the uncertainty of any model parameter θ may be described by means of a probability density function (pdf) π(θ). Further, correlation among model parameters {θ 1 , . . . , θ N } may be described by the information present in a joint pdf π(θ 1 , . . . , θ N ). Concerning uncertainties in material modeling, assuming that {θ 1 , . . . , θ N } are constitutive model parameters eventually leads to a stochastic model to describe the material behavior.
Hernadéz et al. [1] analyzed the uncertainties of modal parameters of a three-layer laminated structure when a stochastic model is used to describe the viscoelastic behavior of the middle layer. The stochastic model considers a constitutive equation based on fractional derivative operators. In [ref Hernandez et al] it is assumed material homogeneity. Nevertheless, the process of polymeric materials production of a component B may naturally lead to material heterogeneities. Therefore, the mechanical behavior of these materials may present unique characteristics from point x to point x within the body B. A comprehensive analysis concerning the uncertainties of constitutive viscoelastic models should take this heterogeneity into consideration.
The contribution of this work is to present an general approach for describing the uncertainties associated to viscoelastic material behavior. Spatial heterogeneities are naturally taken into account by modeling the constitutive model parameters {θ 1 , . . . , θ N } as random fields, i.e., θ j : B → R. The theory of Gaussian random fields is used to generate a set of realizations {θ N } for the constitutive model parameters. Two types of functions are used to describe the spatial correlation between θ j (x) and θ j (x ).
Constitutive Model
The main characteristics of viscoelastic behavior may be described by appropriate constitutive models. In particular, there are some models based on the use of fractional derivative operators [2] . The general form for 1-D constitutive equation for an isotropic VEM based on time domain fractional derivative operators can be expressed as follows [2] σ(x, t)
where {a 1 , . . . a m } and {b 1 , . . . b n } are constitutive model parameters, t is the time, 0 < β r ≤ 1 and 0 < α s ≤ 1 are the fractional derivative orders for the stress σ(x, t) and strain ε(x, t) fields, respectively. If {β r , α s } are integer numbers, Eq.1 leads to a classical constitutive model for an isotropic VEM [3] . For the sake of conciseness, the argument x associated to the spatial variable in Eq.1 will be omitted henceforth. As for the fractional derivative operator d γ /dt γ used in Eq.1, it is defined as follows
where Γ(·) is the Gamma function and γ is the order of the fractional derivative operator, 0 ≤ γ ≤ 1. In this work it is used a model with five parameters described by Eq.3
where τ is a relaxation time; and G 0 and G ∞ are the static and dynamic material modulus, respectively. Rewiriting Eq.3 in the frequency domain leads to a relation between stressesσ(jω) and strainsε(jω) using the concept of the complex modulus G(jω) [3] as follows :
where d = G ∞ /G 0 is the ratio between the dynamic and static modulus and G(jω) denotes the complex modulus of the material which is a frequency dependent operator. It should be emphasized that the constitutive equation described by 4 presents the relation between stress σ and strain ε for each material point x within a viscoelastic body B. In the great majority of applications the constitutive parameters {G 0 , d, τ, α, β} are assumed as constants throughout the body domain. In other words, the hypothesis of homogeneous media is usually assumed when modeling viscoelastic materials. However, in practice, the production processes of polymeric materials generally lead to heterogeneities. Therefore, investigations about the impact of these heterogeneities on the material behavior is an issue of concern for engineering designs. In this context, next we present an approach to model spatial variability of the parameters {G 0 , d, τ, α, β} that are used to characterize the constitutive equation 4. For this purpose, the theory of random fields is used.
Random Fields
In the context of material modeling, the theory of random fields is amenable to be used in the description of heterogenous properties of a body B. Material heterogeneities may stem from production processes, for example. In this work the material heterogeneity in B will be described by means of the theory of random fields. The characterization of the random fields will be given by its mean value E[λ(x)] as well as its covariance Cov[λ(x), λ(x )] ∀x, x ∈ B [5] .
In the present work, the constitutive parameters {G 0 , d, τ, α, β} in Equation 3 are modeled as stationary random fields. If λ(x) is a stationary random field then the following holds
for which Eq.5 means that the mean of the field is constant throughout the body B and Eq.6 means the the covariance matrix of the field depends only on the relative position of the material points x and x [5] . In order to generate a set of realizations {λ (1) (x), . . . , λ (m) (x)} of the random field {λ(x) : x ∈ B}, a discrete version the Karhunen-Loève in finite dimensions is used [5] . This approach proved amenable for the present applications.
As for the covariance matrix, the applications consider two possibilities; namely, Gaussian and exponential [5] . The Gaussian covariance matrix C g is defined as follows in which L c corresponds to a correlation length. As for the exponential covariance matrix C exp , it is defined as follows Figure 1 presents some realizations for a zero-mean random field with a Gaussian correlation with σ = 1 and correlation length L c = 0.1. Figure 2 presents some realizations for a zero-mean random field with an exponential correlation with σ = 1 and correlation length L c = 0.1. Finally, Figure 3 present the exact and the empirical correlation matrices computed with 10 4 realizations.
Applications
Next an application is presented in which a laminated structure is the system under analysis
System
The physical system corresponds to a three-layer laminate structure. The outer layers are metallic and the core is made of a viscoelastic material. A sketch of the laminate structure is shown in Fig.4 . The laminated system is the same as the one analyzed by Hernández et al. [1] . 
Uncertainties
The constitutive parameters {G 0 , d, τ, α, β} of the models used to describe the core of the laminates structure shown in Fig.4 is considered. Figures 5 and 6 present the mean values and the standard deviation of the frequencies ω n and modal damping factors ζ n of the five first modes of the structure. It can be observed that expected values of the modal parameters do not vary as the correlation length changes. Nevertheless, it can be observed that the standard deviation of the modal parameters increase as the correlation length L c increases until a saturation value. It should be remarked that for this range of saturation the model provides basically uniform properties along the viscoelastic layer inasmuch as the correlation length is much greater than the beam length.
These preliminary results indicates that the expected value of modal parameters remain approximately constant for the lower modes when material heterogeneities are taken into account. There was no difference in the results when the Gaussian or exponential correlations were considered. As for the standard deviations, they presented an increase with the correlation length L c until a certain limit. All these analysis are valid for the lower modes. Further investigations are currently under work in order to extend these analysis.
Concluding Remarks
The present work presents an approach to take material heterogeneities into account when analyzing viscoelastic media. The first analysis indicate its suitability when treating laminated structural components that are com- 
